Purpose Type IIB odontoid fractures (OF) in elderly patients are life-threatening conditions. Optimal treatment of these fractures is still controversial. The aim of this study was to assess the clinical and radiological outcome of surgically treated type IIB OF by anterior screw fixation in octogenarians. Methods Eleven octogenarians with type IIB OF were operated using anterior screw fixation. Follow-up assessment included operative mortality and morbidity rates, long-term functional outcome and fracture union and stability. Results There was neither operative mortality nor morbidity. Five patients had excellent clinical outcome, two good outcome, one fair and three poor. Two patients died of unrelated causes 2 months after surgery. Radiographs showed stable bone union in four patients and stable fibrous union in five patients. Conclusions Given the results in this short series, we suggest that anterior screw fixation of Type IIB OF may be offered as primary treatment in octogenarians.
Introduction
Upper cervical spine injuries are common in the elderly, accounting for more than 50% of all cervical spine fractures in this population [17, 19] . In patients over 80 years of age, odontoid fractures (OF) form the majority of spinal fractures at the cervical level [23] . OF are most often caused by ground-level falls because of the fragility of cortical and cancellous portions of the dens with age. The specifics of type IIB OF anatomy (oblique downward and backward fracture line) make these fractures unstable and life threatening [6, 19, 23] .
In spite of the relative frequency of OF in the elderly, there is a lack of agreement regarding the optimal management of these fractures with no published standards or guidelines to date [19] . In most studies, no distinction of age is made among elderly patients and definition of ''elderly'' is variable. To the best of our knowledge, only one study [22] takes an interest in treatment of type II OF in the specific population of octogenarians but none examines only IIB OF. Several management options are described in the literature: rigid and non-rigid immobilisations, anterior screw fixation of the odontoid and posterior fusion of the C1/C2 complex [19] . Authors advocating surgical treatment criticize the morbidity associated with prolonged cervical immobilisation [15] whereas authors advocating orthopaedic treatment invoke the risks of surgical intervention [2, 11] . The initial surgical treatment by posterior fusion of the C1/C2 complex provides the highest fusion rates [2, 8] . However, this procedure requires bone grafting, eliminates C1/C2 rotary motion, deteriorates the posterior soft tissue of the neck and includes the risk of vertebral artery injury. Anterior screw fixation of OF also ensures high fusion rates and preserves the C1/C2 rotary motion with a shorter operative time and a shorter hospital stay [3, 5, 16] .
The aim of this study was to assess the clinical and radiological outcome of surgically treated Type IIB OF by anterior screw fixation in octogenarians.
Materials and methods
Thirty-nine elderly patients (65 years or older) were admitted to our institution for OF between 1999 and 2010. Among them, 18 patients were octogenarians. Twelve octogenarian patients had a type IIB OF. Other six patients had a type III OF (3 cases), a type IIA OF (2) and a type IIC OF (1) . Among the 12 patients with type IIB OF, general health conditions were graded according to the scheme devised by the American Society of Anesthesiology (ASA): 5 patients were defined as class II (having mild systemic disease but no functional limitation), 6 as class III (having severe systemic disease and definite functional limitations) and 1 patient had contra-indications to general anaesthesia (ASA IV). These 11 patients with type II OF were treated by anterior screw fixation and their medical records analysed. The mean age of the patients (7 women and 4 men) was 85.4 years at the time of operation. The majority of the injuries were caused by minor falls, and the main symptom was cervical pain. The preoperative status of the patients was graded using the American Spinal Injury Association (ASIA) impairment scale: all the patients rated E (Normal: motor and sensory functions). The diagnosis was established radiographically, including standard antero-posterior, lateral and open-mouth radiographs and cervical computed tomography (CT) scans. OFs were classified according to the method of Anderson and D'Alonzo [1] and Grauer [9] . A combination of C1/C2 fractures was noted in three patients. These associated fractures were stable and did not call for external immobilisation. Posterior displacement greater than 2 mm on initial radiographs was noted in five patients. The mean duration of interval between time of traumatism and time of surgery was 11.5 days (range 2-30 days).
Follow-up assessment included operative mortality and morbidity rates, long-term functional outcome and fracture union and stability. Long-term functional outcome was assessed using a modification of the Smiley-Webster Scale [21] (Table 1) . Fracture union and stability were determined by cervical CT scan, or by standard cervical radiographs when a CT scan was not available. Bone union was defined by evidence of bone trabeculae crossing the fracture site, and absence of sclerotic borders adjacent to the fracture site (Fig. 1) . Fracture stability was indicated by the absence of secondary displacement. Fibrous union was defined if there was an absence of bone union but absence of secondary displacement (Fig. 2) .
Results
All the operations were performed using lateral and anteroposterior fluoroscopic guidance. Cervical traction was used and a right unilateral horizontal incision was made along a natural skin crease, crossing the anterior border of the sternomastoid at the C5-C6 level. Fixation with one screw was carried out. Average duration of surgery was 68 min (range 30-155 min). We recorded no technical Table 2 . There was no operative mortality and morbidity. Nine patients attended postoperative review 2 months after operation and follow-up lasted between 4 and 116 months, with a mean of 34 months. In December 2010, all these nine patients were still alive.
After the entire follow-up period, the modified SmileyWebster functional scale revealed that five patients had excellent outcome, two patients had good outcome, one patient had fair outcome and three patients had poor outcome at their final follow-up visit. Among the three patients with poor outcome, two patients died of unrelated causes 2 months after surgery. A total of nine patients had radiographs available at 3 months from which fusion status could be assessed. These revealed stable bone union in four patients and stable bone non-union (fibrous union) in five patients. In the case of stable bone non-union, we did not perform posterior fixation.
Discussion
Through study of a short series of 11 patients, we showed that an anterior screw fixation of Type IIB OF in octogenarians can be offered as primary treatment for this specific population. The good clinical outcome and stability on radiographs for most of the population demonstrated the effectiveness of this surgery.
With the increase in lifespan in industrial nations, the number of octogenarians with upper cervical injury is rising. Type IIB OF is the most frequent upper cervical injury in this population [19] . There is no simple answer to the question ''Should OF surgery be performed on octogenarians?'' This work is a contribution towards an answer to this question, and to the best of our knowledge, our study is the first concerning only an octogenarian population with type IIB OF. Optimal treatment for type II OF remains controversial in the literature [17, 19, 23] although primary surgical treatment is an increasing tendency, especially for elderly patients [13, 17] .
This study focused on this specific population for three main reasons. First of all, until the 2000s, it was uncommon to perform OF surgical procedures on octogenarians, because of the theoretical fear that an elderly person would be unable to withstand general anaesthesia, the fear of multi-systemic disease and an incomplete appreciation of the life expectancy of people after the age of 80. During the last decade, the number of octogenarians having surgery has rapidly increased, with acceptable mortality and morbidity rates [23] . Thus, surgery in the octogenarian must take into account a number of factors, such as lack of synchronism between physiological age and chronological age, quality of life, risk/benefit ratio and increase in health care costs, an element that is gaining more and more importance [7, 19, 23, 25] . The issue has been settled for other surgical pathologies such as hip fractures [10] or cardiac valve replacement [12] . Secondly, more and more people aged over 80, at greater risk of ground-level falls, have upper cervical spine injuries [19] . These conditions associated with better access to CT scans have increased the incidence of OF in this age range. Only one study [22] has examined treatment of type II OF in the specific population of octogenarians using a larger population than the one we are reporting on. However, this study included conservative and surgical treatment and focused only on presentation and complications of type II OF. Among the different surgical treatments, only ten patients were treated by anterior screw fixation. In this study, the morbidity rate was 62% without distinction between surgical procedures. The other studies did not distinguish octogenarians from other elderly patients [3, 5, 7, 8, 11, 13, 15, 18, 24, 25] . We specifically studied type IIB OF because among all types of OF they are considered as the most unstable. OF displacement follows the direction of the fracture. Furthermore, displacement depends on the associated ligamentum injuries. Posterior displacements of type IIB OF threaten the spinal cord with severe neurological deterioration or even death. We chose anterior screw fixation as surgical treatment for type IIB OF in elderly patients for the following reasons. Rigid and non-rigid external immobilisations have a high mortality and morbidity rates [15, 24] . Moreover, conservative treatment could lead to the development of delayed myelopathy in patients with non-union of the OF [4] . Posterior fusion of the C1/C2 complex is superior to external immobilisation in terms of radiological outcome and morbidity and mortality [2, 8] and produces the highest fusion rates among the different types of surgical fixation [19] . Nonetheless, this surgical approach deteriorates posterior soft tissue, blocks C1/C2 axial rotation, carries the risk of vertebral artery injury of the neck and requires bone grafting. In our opinion, anterior screw fixation is the surgical procedure of choice for treatment of Type IIB OF in elderly populations. Indeed this procedure preserves normal C1/C2 rotary motion and offers immediate spinal stability and rapid patient mobilisation with a high fusion rate [3, 5, 16] . Octogenarians with type III or IIC OF were not considered for surgery because these fractures are relatively stable and not life threatening. We evaluated the policy of our team concerning management of type IIB OF in octogenarians. The assessment was carried out without a control group. Mortality and morbidity rates reported in our series were nil while mortality and morbidity rates reported in the literature after odontoid fracture surgery in the elderly population reached 10% [25] . In particular, Smith et al. [22] reported a mortality rate of 12.5% in a specific population of octogenarians undergoing surgical treatment. No significant difference exists between anterior and posterior surgery concerning morbidity and mortality [25] . General health seems to affect clinical follow up. Indeed, two of our patients died at 2-month follow-up. Although the causes of death were independent of the surgical procedure, these two patients were graded as ASA III. On the other hand, three patients graded as ASA III showed favourable evolution during the entire follow-up period.
Although some authors advocate external immobilisation as the treatment of choice for type II OF in an elderly population [7, 11, 20] , high fusion rate and best clinical outcome are obtained by surgical treatment [5, 8, 13, 14, [17] [18] [19] . Bone fusion rate in our series (44%) was lower than bone fusion rate described in the literature [17, 19] which ranged from 80 to 100%. However, stability rate was consistent with rates described in the literature [17, 19] . Moreover, a stable fibrous non-union in octogenarians seems acceptable in terms of functional outcome.
Conclusions
Until the 2000s, it was uncommon to perform OF surgical procedures on octogenarians. Although the number of patients in our study is too low to lead to any firm conclusion, we suggest that anterior screw fixation should be offered as primary treatment in octogenarians with type IIB OF. Providing recommendations for anaesthesia in elderly patients are followed, this surgical treatment can improve their quality and duration of life. Further multicenter studies with larger numbers of patients are needed to establish a complete definition of the most effective management strategy for type IIB OF in octogenarians.
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